0 =,

3anpononosano iHHOBaUiliHi NPoeKxmHi ma KoH-
CMPYKMUEHO-MEXHONI02IMHI plwlenHs 3 NidGUUleH-
Ha enepeemuunoi epexmusnocmi 0yoieenv i cno-
pYyo, axi nowanu excnayamyeamucs 00 90-x poxis
Mmunynozo cmoaimms. I[i pimenns nepeddauaromo
86edenns 00 CKaa0Y iCHYIOOT cCucmeMu mepmomo-
depuizauii HOBUX MPaAH3ZUMHUX MPYOONP0OB0Di6 cuc-
memu 80051H020 ONANCHHA 6KYNI 3 €KBI8ATEHMHON)
¢acaonoro mennoizonsuiero. Ioxazano, wo pospo-
Oaeni pimenns npueooams 00 CYmmeeoz0 3IMeHuLeH -
HA enep2ocnoxcusanis icnyrouux 6yoisenv i cnopyo
ma cnpusiomo NIOMPUMAHHIO KOMPOPMHUX YMOE
o5 scummedistavHOCmi

Kniouogi cnosa: mepmomodepnizauin 6yoisens i
cnopyo, acad, enepzoedpexmusnicmo, mennoizo-
NAYIS, CUCHEMA 8005IHO20 ONATIEHHSL

=, ]

IIpeonoscenvt unHOBAUUOHHBIE NPOEKMHbBIE U
KOHCMPYKMUBHO-MEXHOI02UecKUe pPeuleHuss no
nosvluenulo sHepzemuueckoi 3PPexmusnocmu
30anull U COOpYIHCeHU, KOMOPble HAUANU IKCNIY-
amuposamvcs 00 90-x 200068 npownozo éexa. Imu
peuwenus npedycmampuearom 6eéedeHue 6 cCoCmas
cywecmeyrouel cucmemvl MepMOMOOEPHUIAUUU
HOBLIX MPAHIUMHBIX MPYGONP060008 cucmembvl
80051H020 OMONJIEHUSL 6Mecme C IKEUBATIEHMHOU
¢acaonoii mennouzonsyueii. Ioxazano, umo pas-
pabomannvle peuwenus nPuUEOOAM K CyueCmeeHto-
MY YMeHvbuleHUlo IHEP2OnompebaeHUs Cyuwecmey-
towux 30anuii u coopydcenuil u cnocoécmeyiom
nooodeprcanuio Kompopmuvlx Ycao6uil 0as Hcusne-
dessmenvHoCcmu

Knrouesvie crosa: mepmomodepruzauus 30anuii
u coopyscenuil, pacao, snepzosp@exmusnocmo,
MENNOUIONAUUSL, CUCTEMA 800HO20 OMONIEHUS
u| o

1. Introduction

Paper [1] outlines prospects for modernization. It takes
into consideration an analysis of existing information on the
features of thermomodernization of residential buildings and
constructions. It considers modernization as part of a system
of central water heating and facade heat insulation. It notes,
specifically, that such a modernization should take into
consideration many factors, including geometrical, physical
and heat engineering parameters of facade walls, location of
window openings, the existence of decorative elements and
gutters, designed temperature mode of operation. Optimal
design parameters and material for both transit pipelines
and facade heat insulation are equally important for practi-
cal application.

The study substantiates the developed technical solu-
tions for improving energy efficiency. Underlying it is a
series of experimental-numerical and calculation studies. It
provides effective structural parameters and material for the
examined elements of a thermomodernization (thermal san-
ation) system of residential buildings and structures whose
operation started before the 90-ies of the last century.
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Estimates by international experts on thermomodern-
ization confirm the relevance of the research conducted.
According to the calculations, it is necessary to spend about
UAH 300 billion for heat insulation of individual houses
in Ukraine. And the amount is not less than UAH 400 bil-
lion for multi-apartment buildings [2]. That is, the cost of
energy-efficient solutions that are to be made based on the
research results is too high, therefore, such solutions require
thorough investigation, in particular, preliminary modeling.

2. Literature review and problem statement

We should note that the confirmation of any hypotheses
or developed technical solutions for improvement of energy
efficiency of residential buildings and structures is typically
performed experimentally. It also takes into consideration
the existing normative and technical documentation and
results of research into this topic.

Article [1] states that the modernization of a heating sys-
tem together with an insulation of a facade wall (equivalent
to facade insulation), in particular, based on determining a




thermal resistance index of building structure R, is one of
the defining stages of thermomodernization. It is advisable
to carry out numerical modeling taking into consideration
many factors, including design modes of operation of build-
ings and structures, as well as structural and heat engi-
neering indicators to significantly reduce a number of field
experiments.

Papers [3-5] represent regulatory and technical basis for
the implementation of thermomodernization of Ukrainian
buildings and structures. Study [3] considers guidelines
for the implementation of thermomodernization of residen-
tial buildings in the form of DSTU B V.3.2-3: 2014. DBN
(State Construction Standards) B.2.6-31: 2016 relate to the
thermal insulation of buildings [4]. Brochure [5] outlines a
number of technical aspects for the implementation of ther-
momodernization in the form of project documentation.

Authors of paper [6] applied model approaches. They
proposed using a polyoptimal method based on the theory
of fuzzy sets to determine effective schemes of thermomod-
ernization of buildings and structures. There are numerical
evaluation and experimental verification of a frequency
of natural fluctuations of buildings before and after their
thermomodernization in article [7]. Study [8] investigates
various aspects of thermomodernization of a building and
how it affects an internal microclimate of premises. Paper
[9] describes the effect of thermomodernization of buildings
and structures on the energy-efficient use of energy carriers.

Authors of article [10] analyze influence of the proposed
technical solutions on thermomodernization of a residential
building on the achievement of energy efficiency indicators.
Paper [11] proposes a mathematical model that describes the
dynamics of behavior of a centralized heating system during
maintenance of buildings and structures. Work [12] is part
of the above-mentioned integrated approach. It describes the
expediency of using structural-parametric models to study
complex structures and technologies using a specific exam-
ple. Such models make it possible to illustrate and analyze
relationships between structural elements of the examined
system or a technology in general.

Paper [13] proposes simpler technical solutions for ther-
momodernization, in particular, using another insulation ma-
terial, which provides air diffusion. It states that such material
will contribute to an increase in energy efficiency of facade
insulation of buildings and structures. Work [14] describes an
analysis of results of modeling of energy efficiency parameters
for facades of buildings and structures based on the obtained
thermographic 3D models and orthogonal images. Paper [15]
states that it is necessary to combine an external insulation
system with any type of insulation to achieve the best result
on energy efficiency for all climatic zones of location of build-
ings and structures. Article [16] suggests a procedure for the
estimation of an external thermal insulation composition sys-
tem used for the insulation of buildings and structures taking
into consideration various factors.

Study [17] describes mathematical modeling of thermal
characteristics in buildings of different types. The modeling
involves calculation of thermal energy taking into consider-
ation a loss of convection from an external facade of a build-
ing, the energy of the Sun, and operating internal loads due
to mass-dimensional characteristics of a constructed struc-
ture. Article [18] reports a study into non-traditional system
of house heating constructed in the form of a radiating panel.
Heating by the radiation of panels regulates the temperature
mode of a house.

Work [19] describes a new model for studying ther-
mophysical properties of switching insulation, so-called
U-element. The U-element model structurally contains a
double-glass unit. Glass has a form of a semi-transparent
insulating panel installed inside. In paper [20], authors
propose effective natural heat-insulating materials, which
are used for facade insulation made of hemp fiber biomass.
Such materials have a relatively low density compared to
other heat-insulating materials, and, in addition, a porous
structure.

Paper [21] analyzes a model proposed by authors for
a building with a ventilated facade, based on which it
is possible to make calculations concerning the energy
demand of a building’s facade, taking into consideration
values of temperatures in the outer layer of a facade and
inside its cavity.

Low-frequency ultrasonic processing of liquid poly-
meric raw materials used in the formation of porous facade
composite insulation materials is an effective method that
increases productivity of such a formation [22]. It is mainly
executed at the stage of extrusion of thermoplastics in the
manufacture of heat-insulating composite materials [23].
Paper [24] describes features of calculation and experimen-
tal verification of structural and technological parameters
of an ultrasonic cavitation device based on a rectangular
radiating plate, which performs bending vibrations along
and across a radiating plate. It is advisable to use such a
technique and a device in the production of innovative
thermal insulation elements made of polymer composite
materials.

However, we should note that the above analysis of the
scientific literature reveals a relatively small number of pub-
lications devoted to this problem, despite its relevance. It is
also worth noting that universal energy-efficient solutions,
scientifically based on results of experimental numerical
calculations, are limited. Thus, the scientific substantiation
of the designed project construction and technical solutions
developed to improve energy efficiency of existing buildings
and structures is an important present-day task. It is prom-
ising both for enterprises in construction industry and for
utilities companies in the communal economy.

3. The aim and objectives of the study

The aim of present study is to perform numerical and
experimental-and-calculation modeling of the developed
innovative design and constructional and technological
solutions concerning significant reduction of energy con-
sumption of existing buildings and structures of the facilities
in operation longer than 30 years while conducting thermo-
modernization of Ukrainian buildings and structures. This
is supposed to be done based on the improvement of a heat-
ing system and facade insulation, taking into consideration
international experience.

It is necessary to solve the following tasks to accomplish
the objective:

— development of innovative design and constructional
and technological solutions for a significant reduction of
energy consumption of existing buildings and structures of
the Ukrainian housing stock;

— modeling of the proposed design solutions based on
numerical calculations with the subsequent confirmation
of the obtained results of calculations by field experiments;



— scientific substantiation of effective design parameters
and material of elements of a heating system and facade
insulation.

4. The examined design and constructional-and-
technological solutions for thermomodernization

Fig. 1-9 show the examined design and construction-
al-and-technological solutions for thermomodernization of
buildings and structures.

We accepted the following designations for Fig. 1-7:
1 — existing external (facade) wall of a thermomodernized
building (hereinafter —a wall); 2 — a layer of equivalent fa-
cade insulation (hereinafter — facade insulation); 3 — an ad-
hesive layer intended for fastening of facade thermal insula-
tion to the existing external wall; 4 — a liquid heat-transfer
agent; 5 — a layer of equivalent pipe heater; 6 — new transit
pipelines of two-pipe system of central water heating
(hereinafter — pipelines); 7 — a heating device with a side
connection; 7° — a heating device with a lower connection;
8 — a distribution overhead comb; 9 — a new indent made in
the existing wall 1 or in facade heat insulation 2 (hereinaf-
ter — an indent); 10 — a through hole in the existing wall 1;
11 — windows or translucent constructions; 12 — radiator
fittings; 13 — an external protective layer that protects
facade heat insulation 2 from atmospheric precipitation
and/or ultraviolet radiation; D — an outer diameter of
pipelines, mm; Bp — depth (height) of an indent, mm;
By — width of an indent, mm; B,,;, — thickness of a facade
heat insulation layer 2, mm; Byin.ua — thickness of a layer
of equivalent facade insulation in accordance with the cli-
matic zones of Ukraine, mm; 87— thickness of an equivalent
layer of thermal insulation, mm.

Fig. 1 shows the general scheme of a system of complex
thermomodernization of buildings and structures [25]. We
investigate its individual elements and its method of im-
plementation [26] in the present paper. Roman numerals
(ITI-XVII) mark individual elements (design solutions) of
the thermomodernization system in Fig. 1. Fig. 2—5 present
them separately, and they are marked accordingly in the
upper part of these figures.

Fig. 2 shows the design solutions (I1-V) for the location
of heating devices with a lower connection (Fig. 2, a, ¢)
and a side connection (Fig. 2, b, d) of thermostatic valve
12 to pipelines 6, which are located in indents made in
the wall 1 at the side of its attachment to facade heat
insulation 2.

Fig. 3 shows the fragments (VI-IX) of wall section 1. It
presents two pipelines 6 in indents of rectangular (Fig. 3, a),
triangular (Fig. 3, b) and arched (Fig. 3, ¢) forms. It also
shows location of one pipeline 6 in rectangular indents
(Fig. 3, ).

Fig. 4 shows the fragments (X—XIII) of wall section 1. It
presents one pipeline 6 located in indents of the rectangular
(Fig. 4, a) or arched (Fig. 4, b) forms, as well as the arrange-
ment of two pipelines 6 in rectangular indents (Fig. 4, ¢)
or triangular indents (Fig. 4, d) forms made in the layer of
facade heat insulation 2.

Fig. 5 shows the fragments (XIV-XVII) of wall sec-
tion 1. It presents two pipes 6 in indents of arch (Fig. 5, a)
form and location of one pipe 6 in indents of rectangular
(Fig. 5, b), triangular (Fig. 5, ¢) and arched (Fig. 5, d)

forms, which are made in the layer of facade heat insula-
tion 2.

Fig. 6, 7 show calculation-and-experimental results of
design solutions when placing pipes 6 in two variants (A)
and (B), each of which includes three calculation-and-ex-
perimental cases. Thus, for the variant (A), we placed new
pipelines 6 into indent 9 made in wall 1 at the side of its
attachment to facade insulation 2 (calculation-and-ex-
perimental cases number 4, number 5, number 6). For the
variant (B), we placed 6 pipes into indent 9, which was
made in facade insulation 2 at the side of its attachment
to existing wall 1 (calculation-and-experimental cases
Nos. 1, 2, 3).

Fig. 7 also shows graphical dependences of the tempera-
ture fall of heat carrier 4 over time in pipelines 6 in two
operating modes when the thickness of a layer of the facade
insulation By, varies. Estimated (normative) temperature
is T=+80°C.

Fig. 8, 9 represent results of experimental-and-nu-
merical studies on the distribution of temperature T in
the investigated elements of the thermomodernization
system. The estimated temperature inside a room is

T=+20 °C.
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Fig. 1. General scheme of the examined system of complex
thermomodernization of a building

Fig. 2. Examined design solutions (lI-V) for
the location of heating devices with the connection of
thermostatic valve 12 to pipelines 6, which are located in
the indents executed in wall 1 at the side of its attachment to
facade insulation 2: @, ¢ — bottom connection;
b, d — side connection



Fig. 3. Fragments (VI—IX) of wall section 1 where there are
one or two pipelines 6 in the indents of different geometrical
forms: a — location of two pipelines 6 in rectangular indents;

b — location of two pipelines 6 in triangular indents;
¢ — location of two pipelines 6 in arched indents;
d— location of one pipeline 6 in rectangular indents

Fig. 4. Fragments (X—XIIl) of wall section 1 or the layer of
facade heat insulation 2 where there are one or two pipelines
6 in the indents of different geometrical forms: a — location
of one pipeline 6 in the indent of rectangle form with identical
catheti executed in wall 1; b — location of one pipeline 6 in
an arched indent made in wall 1; ¢ — location of two pipelines
6 in rectangular indents made in the layer of facade heat
insulation 2; d — location of two pipelines 6 in triangular
indents made in the layer of facade heat insulation 2

X1V XV XVI XVII
Bp. Bp Bp, Bp,
13D 6 1 6 D 1 6 D 16D
03 < _,f:: Q;:‘::‘:;;‘ @ _::}:; ;:j‘:: @D;%}
465 05 2 435.9, 2 435.68 2 435_06p 2
a b c d

Fig. 5. Fragments (XIV—XVII) of wall section 1 where there
are one or two pipelines 6 in indents of various geometrical
shapes made in the layer of facade insulation 2: a — location

of two pipelines 6 in arched indents; b — location of one
pipeline 6 in rectangular indents; ¢ — location of one pipeline
6 in triangular indents; d — location of one pipeline 6 in
arched indents
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Fig. 6. Temperature change in elements of the building
structure depending on thickness of the facade insulation
Bhin.ua for calculation-and-experimental cases
No. 1 — No. 3 at the location of pipelines 6 in the wall, and
for calculation-and-experimental cases No. 4 — No. 6 at the
location of pipelines 6 in the layer of facade heat insulation 2,
with constant thickness of adhesive layer 3:

--—-4-- — calculation-and-experimental case No. 1,
Biin.ua=50 mm; --#-- — calculation-and-experimental case
No. 2, Byin.ua=100 mm; — calculation-and-experimental case
No. 3, Byin.ua=150 mm; —— — calculation-and-experimental
case No. 4, Byin.ua=50 mm;

—=— — calculation-and-experimental case No. 5,
Biin.ua=100 mm; —s— — calculation-and-experimental case
No. 6, Bnin.ua=150 mm
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Fig. 7. Changes in the temperature of heat-transfer agent 4
over time in pipelines 6 due to the design
temperature of a heat-transfer agent 7=+80 °C to 7=0 °C:
a— at B,i=50 mm; b — at the complete cessation of a
movement of a heat-transfer agent at B,,;;=100 mm



Fig. 8, a—c shows temperature distribution in the ele-
ments of the thermomodernization system with a different
thickness of By, of the facade heat insulation 2.
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Fig. 8. Temperature distribution in elements of the
thermomodernization system with variable thickness of
the facade insulation B, for calculation-and-experimental
cases Nos.1—3 of the indents in wall 1:

a — calculation-and-experimental case No. 1, B,,;;=50 mm;
b — calculation-and-experimental case No. 2, B;;=100 mm;
¢ — calculation-and-experimental case No. 3, B,;;=150 mm

Fig. 9, a—c, shows temperature distribution in the ele-
ments of the thermomodernization system with a variable
thickness By, of the facade heat insulation 2.
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Fig. 9. Temperature distribution in the elements of the
system of thermomodernization with variable thickness of
the facade insulation By, for calculation-and-experimental
cases Nos. 4—6 of the indents in facade heat insulation 2:
a — calculation-and-experimental case No. 4, B,;;=50 mm;
b — calculation-and-experimental case No. 5, B;,=100 mm;
¢ — calculation-and-experimental case No. 6, B;,=150 mm

We should determine optimal parameters and effective
materials for the creation of structural elements of the sys-
tem, including the optimal thickness of By, layer of facade
heat insulation 2 and geometrical parameters of pipelines 6
both experimentally and in the experiment-and-calculation
procedure. Heat cuts (Fig. 9) can be simulated graphically
using the software and computational capabilities in the
environment of the universal programming system of a finite
element analysis.

We used the following parameters and characteristics,
as well as operating conditions, for calculation-and-exper-
imental cases (Nos. 1-6). The ambient temperature was
T=-22 °C; the design temperature of the heat-transfer agent
4 was T=+80 °C.

We used the following materials. Wall material 1 — foam
concrete, wall thickness — 250 mm. Characteristics of foam
concrete in the dry state: density — 1,000 kg/m?; specific
heat capacity — 0.84 kJ/(kg-°C); coefficient of thermal con-
ductivity — 0.29 W/(m?2°C); calculation coefficient of ther-
mal conductivity — 0.47 W/(m?°C).

Facade thermal insulation 2 — PSB-S-25 foam plastic
with the following characteristics: density — 25 kg/m?; spe-
cific heat capacity — 1.26 kJ/(kg-°C); coefficient of thermal

conductivity — 0.039 W/(m?°C); calculation thermal con-
ductivity — 0.042 W/(m?°C).

Material of pipelines 6 — polypropylene with the follow-
ing characteristics: density — 900 kg/m?; specific heat capac-
ity — 1.93 kJ/(kg-°C); coefficient of thermal conductivity —
0.22 W/(m-°C); calculated thermal conductivity coefficient —
0.22 W/(m?°C). The diameter of pipelines 6 was D=20 mm,
thickness of the wall of the pipelines was 6-2.8 mm.

Equivalent pipe insulation 5 — the foamed polyethylene,
which is mounted above pipelines 6, with the following
characteristics: density — 40 kg/m?; specific heat capacity —
1.8 kJ/(kg~°C); coefficient of thermal conductivity —
0.37 W/(m?2-°C); calculated thermal conductivity coeffi-
cient —0.037 W/(m?2°C). Thickness of the insulation of pipe-
lines 6 was 87=13 mm.

Adhesive seam. We added an adhesive seam between the
existing wall 1 and the facade insulation. The properties of
the adhesive seam are as follows: density p=1,800 kg/m?;
specific heat capacity ¢=0.84 kJ/(kgC); coefficient of ther-
mal conductivity for conditions “B” A(B): 0.93 W/(m?°C).

The study also took into consideration (designed or
estimated) the coefficient of resistance of external enclos-
ing structure Ry, m?>K/W, which determines the ratio of
a temperature difference on both sides of heat-insulating
material to a value of the heat flow, which passes through the
heat-insulating material. The coefficient depends on the ap-
plied temperature zone of Ukraine according to DBN (State
Construction Standards) [4].

5. Distribution of a temperature field inside a building
structure

We investigated the distribution of temperature field T
inside the building structure of a thermomodernized build-
ing experimentally and by calculation. In this case, pipelines
6 are located in indent 9 made in wall 1 at the side of its
attachment to the facade heat insulation 2 of the thermo-
modernized building.

We found that an average temperature inside the build-
ing structure increases with an increase in thickness of By,
of the layer of facade heat insulation 2. For example, there is
an increase in the average temperature inside the building
structure from 7=40 °C up to 7=42 °C with an increase in
thickness of By, of the layer of facade insulation 2 from
50 mm to 100 mm. Fig. 6 illustrates a given case.

There is an increase in the average temperature inside
the building structure from 7=40 °C to T=44 °C with an
increase in thickness of B, of the layer of facade heat in-
sulation 2 from 50 mm to 150 mm. It also contributes to the
additional drainage of the building structure, which increas-
es the efficiency of the system of integrated thermomodern-
ization indirectly, and, in turn, leads to an improvement in
thermal characteristics of the thermomodernized building.

We calculated the time required for heat-transfer agent 4
to reach the limiting temperature 7=0 °C at the complete
cessation of heat-transfer agent 4 movement in the calcu-
lation-and-experimental cases No. 4—6. This can occur, for
example, in the case of a pump failure or temporary interrup-
tions of electricity supply.

In this case, we considered three values of thickness of
the facade heat insulation 2: B;,=50 mm, Bi,=100 mm,
Binin=150 mm. We found that the cooling of heat-transfer



agent 4 from T=+80 °C to T=0 °C occurs at Bpj;=50 mm in
16 hours (Fig. 7, a). Sometimes, such cooling can lead to a
violation of the integrity of pipelines 6.

The cooling of heat-transfer agent 4 from 7=+80 °C to
T=+8 °C occurs at By,;,=100 mm in 16 hours (Fig. 7, b). The
temperature of heat-transfer agent 4 becomes stable after
23 hours at the level T=+5 °C and stays the same for
48 hours. We did not carry out calculations for the thick-
ness of equivalent facade insulation 2, which is Bp,;,=150 mm,
because at a thickness of By,;,=100 mm, even after 48 hours,
there is no freezing of heat-transfer agent 4, which indicates
that freezing of heat-transfer agent 4 will not happen either
at Bin=150 mm.

Based on the above analysis, we determined experi-
mentally that the minimum thickness of By, for facade
insulation 2 should be B;;=100 mm for the investigated
temperature regime and operating conditions (temperature
zone). The same value of By, correlates with characteristics
of the materials used, the geometry of pipelines and facade
heat insulation 2. Such a thickness of the equivalent facade
insulation layer 2 prevents destruction of pipelines 6 under
the mode of intensive operation.

It follows from the above calculation-and-experimental
cases that the optimal placement of pipelines 6 is the location
in indents 9 made in wall 1, and covered further by a layer
of the equivalent thermal insulation 2 with a thickness of
Bnin=100 mm.

The developed technical solution also improves the hy-
draulic mode of heat-transfer agent 4 movement and possi-
bility of using both high- and low-temperature heat-transfer
agent 4. This is due to the fact that modern heat sources have
a maximum efficiency when working under a low tempera-
ture mode.

Fig. 7, a shows a change in the temperature of heat-trans-
fer agent 4, which flows in pipelines 6, with time ¢50=
=16 hours at the complete cessation of its motion and thick-
ness of the layer of facade insulation 2 B,;;=50 mm (the
subscript at ¢50). Fig. 7, b shows a change in the temperature
of heat-transfer agent 4, which flows in pipelines 6, with time
t100=16 hours at the complete cessation of its motion and
thickness of the layer of facade insulation 2 B,;;=100 mm
(the subscript at £190).

Thus, we established that the time of the heat-transfer
agent 4 cooling depends on the diameter D of pipelines 6
and it changes proportionally at the complete cessation of
its flow through pipelines 6. However, after a certain time,
the freezing of heat-transfer agent 4 occurs. This means
that thickness Bpi,=50 mm of facade insulation 2 is not
applicable in those heating systems where a heat-transfer
agent movement can be completely stopped. The value of
parameter t5o varies from 8 hours to 19 hours, which is
generally inappropriate, because heat-transfer agent 4 may
technologically freeze during this time. At the same time,
an increase in the thickness of facade insulation 2 to By,i,=
=100 mm (Fig. 7, b) leads to a 100 % protection against
freezing of pipelines 6 even at the complete stop of the
heat-transfer agent 4 movement.

6. Investigation of temperature values on the surface of a
facade insulation

In the calculation-experimental case No. 1 (Fig. 8, a),
pipelines 6 are located in indent 9 made in the layer of fa-

cade insulation 2 at the side of its attachment to wall 1; the
temperature on the surface of facade heat insulation 2 at a
thickness By,;,=50 mm is T=+41.7 °C.

In the calculation-experimental case No. 4 (Fig. 9, a),
pipelines 6 are located in indent 9 made in wall 1 at the side
of its attachment to facade insulation 2; the temperature on
the surface of facade heat insulation 2 at thickness Byi,=
=50 mm is 7=-3.5 °C.

For calculation-experimental cases No. 1 and No. 4 with
the same thickness of facade insulation 2, which is Bpi,=
=50 mm, thermal losses in the surrounding space are sig-
nificantly reduced. The temperature on the surface of facade
insulation 2 in case No. 1 is AT=+41.7 °C, and in case No. 4 is
T=-3.5°C, which makes the absolute difference in AT=45.2°C
between these calculation-and-experimental cases. This, in
turn, leads to a reduction in thermal losses in the surrounding
space, affects the cooling of heat-transfer agent 4, and leads to
heat losses at the calculation temperature of the outside air,
which is T7=-22 °C directly proportionally.

It also follows from the above that the location of
pipelines 6 in indents 9 made in walls 1 at the side of its
attachment to facade insulation 2, the calculation-and-ex-
perimental case No.1 (Fig. 8, a), reduces thermal losses
substantially (by 92 %) in comparison with the calculation
and experimental case No. 4 (Fig. 9, @) when pipelines 6 are
placed in indents 9 made in facade heat insulation 2 at the
side of its attachment to wall 1.

In the calculation-and-experimental case No. 2 (Fig. 8, b),
pipelines 6 are located in indent 9 made in the layer of facade
heat insulation 2 at the side of its attachment to wall 1; the
temperature on the surface of facade heat insulation 2 at
thickness Bp,;,=100 mm is 7=+24.7 °C.

In the calculation-and-experimental case No. 5 (Fig. 9, b),
pipelines 6 are located in indent 9 made in wall 1 at the side
of its attachment to facade insulation 2; the temperature
on the surface of facade heat insulation 2 at a thickness
Bin=100 mm is 7=-10.2 °C.

For calculation-and-experimental cases No. 2 and No. 5
with the same thickness of facade thermal insulation 2,
which is Bypin=100 mm, the thermal losses in the surrounding
space are substantially reduced. Indeed, the temperature on
the surface of facade heat insulation 2 in the case No. 2 is
T=+24.7 °C, and in the case of No. 5, is 7=—10.2 °C, which
makes the absolute difference in AT=34.9 °C between two
calculation-and-experimental cases No. 2 and No. 5. This, in
turn, leads to a decrease in thermal losses in the surrounding
space, directly proportional to the cooling of heat-transfer
agent 4 and to heat losses at the designed temperature of the
outside air, which is T=-22 °C.

It also follows that the location of pipelines 6 in indents
9 made in walls 1 at the side of attachment to facade insula-
tion 2, the calculation-and-experimental case No. 2 (Fig. 8, ¢),
reduces thermal losses substantially (by 70 %) in comparison
with the calculation-and-experimental case No. 5 (Fig. 9, b)
with the placement of pipelines 6 in indents 9 made in facade
heat insulation 2 at the side of its attachment to wall 1.

In the calculation-experimental case No. 3 (Fig. 8, ¢),
pipelines 6 are located in indent 9 made in the layer of facade
heat insulation 2 at the side of its attachment to wall 1; the
temperature on the surface of facade heat insulation 2 at
thickness B,;,=150 mm is T=+16 °C.

In the calculation-experimental case No. 6 (Fig. 9, ¢),
pipelines 6 are located in indent 9 made in wall 1 at the side
of the attachment of facade heat insulation 2 to it; the tem-



perature on the surface of facade insulation 2 at thickness
Biin=150 mm is 7=-13.4 °C.

We determined that in the case of the location of
pipelines 6 in indents 9 made in wall 1, the temperature
on the surface of facade heat insulation 2 is: for the cal-
culation-and-experimental case No. 4 (Fig. 8, a) at Byin=
=50 mm, 7=-3.5 °C. For the calculation-and-experimental
case No. 5 (Fig. 8, b) at By;;=100 mm, the temperature on
the surface of facade thermal insulation 2 is 7=-10.2 °C;
for the calculation-and-experimental case No. 6 (Fig. 8, ¢)
at Bpin=150 mm, 7=-13.4 °C. We found that in the case of
the location of pipelines 6 in indents 9 made in facade heat
insulation 2 the temperature on facade heat insulation 2 is:
for the calculation-and-experimental case No. 1 (Fig. 9, a)
at Bpin=50 mm, T=+40 °C. For the calculation-and-exper-
imental case No. 2 (Fig. 9, b) at Byij;=100 mm, the tem-
perature on the surface of facade heat insulation 2 is: T=
=+24.7 °C; for the calculation case No. 3 (Fig. 9, ¢) at
Bnin=150 mm, 7=+16°C.

The above results regarding the temperature values on
the surface of facade heat insulation 2 optimize its thickness
By indirectly.

7. Optimization of thickness of the facade insulation

For calculation-and-experimental cases No. 3 and No. 6
at the same thickness of facade insulation 2, which is By,i,=
=150 mm, thermal losses in the surrounding space are sub-
stantially reduced. After all, the temperature on the surface
of the equivalent facade heat insulation 2 in case No. 3 is
T=+16 °C, and in the case of No. 6 is T=-13.4 °C. This makes
the absolute difference AT=29.4 °C between these calcula-
tion-and-experimental cases.

In turn, this leads to a decrease in thermal losses in
the surrounding space, affects the cooling of heat-transfer
agent 4 and thermal losses directly proportionally at the cal-
culation temperature of the outside air, which is 7=-22 °C.

In the absence of a technological possibility for the
placement of pipelines 6 in indents 9 made in wall 1 at
the side of the attachment to the facade insulation, the
minimum thickness of By, of heater 2 should be not less
than 150 mm. This is due to the fact that for this thickness
of facade heat insulation 2 temperature on its surface is
T=+16°C. This is an acceptable value for the permissible
thermal losses of pipelines 6 that are used for external
laying.

At thickness of equivalent facade insulation 2, which
is less than 150 mm, the temperature on the surface of the
equivalent facade heat insulation 2 raises to T=+40 °C. This
is unacceptable for the permissible thermal losses of pipe-
lines 6 that are used for external laying.

In the calculation-and-experimental cases No. 4, No. 5
and No. 6, the pipelines 6 are located in indents 9 made in
wall 1 at the side of its attachment to facade heat insula-
tion 2, and covered with a layer of facade insulation 2 of
thickness Bpi,. With an increase in thickness of By, of fa-
cade insulation 2 from 50 mm to 150 mm there is a decrease
in the temperature on the surface of facade heat insulation 2
from 7=-3.5 °C to T=-13.4 °C.

The results of these calculations also determine the op-
timal range of thickness of facade heat insulation 2, which is
(50—-150) mm for Ukraine.

8. Effective forms of making indents for pipelines laying

With regard to the shape of indents 9 execution, they can
be made in rectangular, triangular, or arched form, or in the
form of two sections of rectangles, or in the form of any com-
bination of the above-mentioned forms (Fig. 2) in the existing
wall 1 or in the layer of the facade insulation (Fig. 3-5).

Structural features of wall 1 of thermomodernized build-
ing in place of its connection to heating devices 7, 7’ deter-
mine a choice of a specific shape of making an indent 9. The
above design features in wall 1 include the presence of cross-
ings with existing engineering networks (air conditioning
systems, drains, low-current and power wiring, connection
of lighting equipment), structural elements of the building’s
facade. It is also necessary to take into consideration restric-
tions on the depth Bp of possible indent 9 to avoid breaking
the bearing capacity of the thermomodernized building
(with insufficient width of existing walls).

9. Discussion of the results of modeling the energy-
efficient solutions for the implementation of
thermomodernization

In the course of the study, we used the modeling method
for the proposed design and constructive-and-technological
energy-efficient solutions for the implementation of thermo-
modernization of Ukrainian buildings and structures. This
method is the most expedient, since the cost of energy-ef-
ficient solutions to be made based on the results of the re-
search conducted is too high given the number of thousands
of buildings that require thermomodernization. That is why
these solutions require thorough studying, in particular,
preliminary numerical and calculation and-experimental
modeling.

By implementing solutions, which are protected by the
Ukrainian patents for inventions (the method and the sys-
tem), it is proposed, in particular, to introduce new elements
in the form of new transit pipelines of a two-pipe system
of central water heating with the use of equivalent facade
insulation into an integrated thermomodernization system.

As a result of the research conducted, we determined
optimal geometric parameters, material of execution and
a mutual placement of new elements of a thermomodern-
ization system. The obtained results show the prospects of
the proposed design and construction-and-technological
solutions for the thermomodernization of the Ukrainian
housing stock, which has been in operation for longer than
30 years. Their implementation will contribute to maintain-
ing comfortable living conditions and gradual reduction of
household heating payments within 2-3 years from the time
of implementation. It is also necessary to emphasize the sim-
plicity of the technical procedure for the implementation of
the developed solutions for thermomodernization.

Directions for improving our original studies are to op-
timize the mutual placement of new transit pipelines with
the attachment to locations of existing heating devices.
Such an attachment should take into consideration a num-
ber of technical and physical factors, including geometrical,
physical and heat engineering parameters of a facade wall,
design temperature operation, and a climate zone. In this
case, it is also advisable to take into consideration geo-
metrical, physical and heat engineering parameters of the



transit pipelines, pipe thermal insulation, equivalent facade
insulation, etc.

10. Conclusions

1. As a result of experimental and numerical research
and calculation study, we confirmed the prospects of the
proposed innovative design and construction-technology
solutions for the thermomodernization of residential build-
ings and structures, which involves modernization of a cen-
tral water heating system together with a facade insulation.
The developed innovative design and construction-tech-
nological solutions lead to a significant reduction in the
energy consumption of existing buildings and structures
of the housing stock, which has been operated for longer
than 30 years, and contribute to maintaining comfortable
living conditions. Therefore, it is expedient to disseminate
the results of present study among organizations that op-
erate housing infrastructure over corresponding years of
commissioning,.

2. We investigated distribution of a temperature field
inside a building structure, temperature on the surface of a
facade thermal insulation at the variation of its thickness for
different forms of execution of new indents, where new pipe-
lines of a two-pipe system of central water heating are located.
We established that the placement of pipelines in new indents
made in existing external walls makes it possible to reduce the
heat losses from these pipelines by 74 % compared with the
placement in the layer of facade insulation at the side of a wall.

3. We investigated the dependence of time for cooling
a heat-transfer agent at its complete cessation of movement
through pipelines on the diameter of these pipelines. We
obtained the optimal value of the layer of a facade insula-
tion, which leads to a 100 % protection against freezing of
pipelines, even at the complete stop of a heat-transfer agent
movement under given operational modes. We established
that an increase in the thickness of a facade thermal insulation
contributes to additional drainage of a building structure.
This indirectly increases the efficiency of a system of complex
thermomodernization, and, in turn, leads to an improvement in
the thermal characteristics of the thermomodernized building.
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3anpononosano memoo Qopmysanmns memnepa-
MYPHUX PeHcUMi6 MIKpOKAIMamy 6 MeapuHHUUbKUX
cnopyoax piznoz0 QYHKUIOHATILHO20 NPUHAUEHHS 3
3acmocysannam OGazamowapoeoi epiouoi nionozu.
Pospobaeno cmpyxmypny mamemamuuny mooero, wo
00360.7151€ NPU 3a0AHOMY PeXHCUMI POOOMU M-APYCHUX
mpyouacmux nazpieauie 3 ypaxyeamHsm menjonpo-
810HOCMI KOJCHOZ20 WAPY MENN02EHEPYIOUUX MOOYJLi8
8U3HAMAMU KOHCMPYKMUBHO-MENIOMEXHIUHI napa-
mempu. Ile dae moxncausicmv 3abesnenysamu op-
MYBAHHA ONMUMANLHOZ0 MEMNEPAMYPHO20 NOASL HA
noeepxii bazamowaposoi cmpyxmypu 2pirouoi nioaozu

Knouosi crnosa: memnepamypui noas, epiroua nio-
J02a, menjozenepyioui Mooyai, mpyouacmi nazpieadi,
wapyeama cmpykmypa

[, yu

IIpeonorcen memoo popmuposanus memnepamyp-
HBIX PEHCUMOB MUKPOKIUMAMA 8 IHCUBOMHOBOOUECKUX
COOpYIHCEHUAX PA3NUMHO20 PYHKUUOHATILHO20 HA3HA-
YeHUsT C NpuMeHeHuem MHO20YPOBHEB020 2peloule20
noaa. Paspabomana cmpyxmypnas mamemamuue-
cKas Mooesiv, KOmopas no36ojsem 6 3a6UCUMOCmU Om
pesicuma padomvt m-apycHolx mpyoéuamvlx Hazpeea-
meJell ¢ yremom menyonpo8ooHOCMU KAHCO020 YPOo6-
HsL menioeeHepupyowux mMooyJei onpeoensimov KoH-
CMPYKMuUBHO menjomexnureckue napamempol. Imo
noseoJsiem obecneuusamv PopMuposane ONMUMAb-
HO20 memnepamypHozo noJist Ha NOBEPXHOCMU MHO20-
YPOBHEBOU CMPYKMYpPvL 2perowezo noaa

Kmoueevie caosa: memnepamypnoie noas, epero-
Wil noa, menjiozeHepupyrouue Mooyau, mpyouacmoie
Hazpesamenu, CIAOUCMASL CMPYKMYPA
u| o
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competitive livestock products, including pork, cannot be
obtained without the development and implementation of

1. Introduction

Food security of the country and the well-being of peo-
ple are largely determined by the performance efficiency
of agriculture, including livestock industry. High quality,

modern resource-efficient technologies based on automated
electrotechnical complexes. The functionality of the systems
of these complexes must fully ensure veterinary-sanitary re-




